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The four-component reaction of 2-aminobenzothiazole, aromatic aldehydes, acetylenedicarboxylate and piperidine or pyrrolidine in

ethanol afforded the functionalized 2-pyrrolidinones containing both benzothiazolyl and piperidinyl (or pyrrolidinyl) units in good

yields. On the other hand, the similar four-component reactions resulted in the functionalized morpholinium or piperidinium

2-pyrrolidinon-3-olates in the presence of p-toluenesulfonic acid.

Introduction

Over fifty years ago, Huisgen firstly described the addition
reactions of nitrogen-containing heterocycles to electron-defi-
cient alkynes to form 1,4-dipolar intermediates, which can
reacted sequentially with other reagents to give cycloaddition
products [1,2]. From then on much developments on the chem-
istry of Huisgen 1,4-dipoles have been achieved [3,4]. In the
past few years, Huisgen 1,4-dipoles have been recognized as
key components for designing practical multicomponent reac-
tions and domino reactions, mainly due to their easy generation
and versatile reactivity [5-10]. On the other hand, the similar
reactive Huisgen 1,4-dipoles derived from the addition of pri-
mary or secondary amines to electron-deficient alkynes also

provided many elegant procedures for the synthesis of various

nitrogen-containing heterocycles [11-16]. In this hot research
field, we also successfully developed a series of domino reac-
tions containing primary amine, electron-deficient alkynes and
the other components, and found several efficient synthetic
protocols for versatile heterocycles and spiro compounds by
using the in situ generated Huisgen 1,4-dipoles [17-24]. During
these research works, we noticed that even through the cyclic
secondary amines such as pyrrolidine, piperidine and morpho-
line also reacted with electron-deficient alkynes to give the
Huisgen 1,4-dipoles very fast and in nearly quantitative yields
[25,26]. But until now it seems that this kind of easily gener-
ated Huisgen 1,4-dipoles have not been utilized for the design

of domino reactions. In continuation of our efforts to explore

2934

O


http://www.beilstein-journals.org/bjoc/about/openAccess.htm
mailto:cgyan@yzu.edu.cn
http://dx.doi.org/10.3762%2Fbjoc.9.330

the practical applications of Huisgen 1,4-dipoles for the syn-
thesis of a versatile heterocyclic system, herein we wish to
report the interesting results of the four-component reaction of
secondary cyclic amines, acetylenedicarboxylate, 2-amino-
benzothiazole and aromatic aldehydes and the efficient syn-
thesis of the complex 2-pyrrolidinones containing both benzoth-
iazolyl and piperidinyl (or pyrrolidinyl) units.

Results and Discussion

Initially, we set out to investigate the reaction conditions by
using piperidine to react with dimethyl acetylenedicarboxylate
to give the expected f-enamino ester. It is interesting to find
that the reaction of piperidine with acetylenedicarboxylate in
ethanol at room temperature proceeded very quickly and could
be finished to give the expected f-enamino ester in less than
twenty minutes [27], while the reaction of normal primary
arylamine with acetylenedicarboxylate or propiolate in ethanol
at room temperature usually needed more than one day [28].
Thus we chose to employ a one-pot multicomponent reaction

procedure to investigate our reaction. A mixture of dimethyl

Table 1: Synthesis of pyrrolidinones 1a—1n via four-component reactions?.

H
N S
X
+ NH, * ArCHO
() L

Entry Compd X
1 1a CH»
2 1b CH»
3 1c CH»
4 1d CH»
5 1e CH»
6 1f CH»
7 19 CH»
8 1h O
9 1i O
10 1j O
11 1k (o]
12 11 O
13 1m O
14 1n (0]
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acetylenedicarboxylate, benzaldehyde, 2-aminobenzothiazole
and excess piperidine in ethanol was stirred at room tempera-
ture for about twenty minutes and then was heated at 50-60 °C
for about 48 hours. In this reaction the excess piperidine acted
as base catalyst. After work-up, the expected polyfunctional-
ized 2-pyrrolidinone 1a was obtained in good yield (Table 1,
entry 1). Under similar reaction conditions, various aromatic
aldehydes were utilized in the reaction to give the polyfunction-
alized 2-pyrrolidinone 1b—1f (Table 1, entries 2—6) in 53-72%
yields, respectively. The four-component reaction containing
diethyl acetylenedicarboxylate also successfully afforded the
expected 2-pyrrolidinone 1g in 63% (Table 1, entry 7).

In view of the success of the above reaction, we explored the
scope of this promising reaction by varying the structure of the
secondary cyclic amines. When excess pyrrolidine was used in
the reaction by using the above reaction procedure, it was
surprising to find that only very low yields of 3-(pyrrolidin-1-
yD)-2-pyrrolidinones were produced. After carefully optimizing

the reaction conditions, we were pleased to find that the

+ | | Ar N (0]
EtOH A
COsR' SE NE
1a-1n

R Ar Yield® (%)
CHs CeHs 58
CHs m-CH3CgHgy 72
CHj p-CH(CH3)2CgHg4 55
CH3 p-C|C6H4 53
CH3 m-CICeH4 67
CHs m-N02C6H4 70
CH,CH3 p-CH3CgHy 63
CH3 CeHs 66°
CHs p-CH30CgH4 55¢
CH3 p-CIC6H4 58¢
CHs m-CICgHa 63¢
CHs m-NO,CgHgy 68¢
CH3 p-NOzCGH4 52¢
CH3 p—CH3005H4 10¢

@Reaction conditions: 2-aminobenzothiazole (2.0 mmol), acetylenedicarboxylate (2.0 mmol), aromatic aldehyde (2.0 mmol), piperidine (3.0 mmol) in
EtOH (10.0 mL), rt, 20 min, 5060 °C, 48 h; Plsolated yield; °Pyrrolidine or morpholine (2.0 mmol) and DABCO (0.5 mmol) were used.
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expected 3-(pyrrolidin-1-yl)-2-pyrrolidinones 1Th-1m could be
prepared in the satisfactory yields by adding the stronger base
DABCO into the reaction as base catalyst (Table 1, entries
8-13). Another common cyclic amine morpholine still gave a
very low yield of the desired 3-morpholinyl-2-pyrrolidinone 1n
(Table 1, entry 14). It is known that pyrrolidine (pK}, = 2.73)
and piperidine (pK}, = 2.88) have near similar basicity, while
morpholine has a relative weak basicity (pKp = 5.64). At
present, the exact reason for the different reactivity of piperi-
dine, pyrrolidine and morpholine in this reaction is not very
clear. The structures of the prepared 2-pyrrolidinones 1a—1n
were fully characterized by IH and 13C NMR, HRMS, IR
spectra, and were further confirmed by single crystal structure
determination of compound 1f (Figure 1). In 'H NMR spectra
of compounds 1a—1n, the proton at the 5-position of the newly-
formed 2-pyrrolidonyl ring usually displays a singlet at about
6.15 ppm. The piperidin-1yl or pyrrolidin-1-yl groups usually
show two or three characteristic mixed peaks.

Two years ago, we reported that a p-toluenesulfonic acid-
catalyzed three-component reaction of arylamine, aromatic
aldehyde and acetylenedicarboxylate afforded 3-hydroxy-2-
pyrrolidinone as main product [28]. In order to improve the re-
activity of morpholine in this four-component reaction,
p-toluenesulfonic acid was added in the four-component reac-

tion of morpholine, p-methoxybenzaldehyde, 2-aminobenzo-

Table 2: Synthesis of pyrrolidinones 2a—2h via four-component reactions?.

H
N S

[ j + @ />—NH2 + ArCHO
X N

Entry Compd X
1 2a O
2 2b o
3 2c O
4 2d o
5 2e O
6 2f CHa
7 2g CH,
8 2h CH»
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Figure 1: Molecular structure of compound 1f.

thiazole and dimethyl acetylenedicarboxylate. After work-up,
we found that the reaction afforded unexpected morpholinium
2-pyrrolidinon-3-olate 2a in 75% yield (Table 2, entry 1).
Under similar conditions, the reactions with other aromatic
aldehydes also gave the morpholinium 2-pyrrolidinon-3-olates
2b-2e (Table 2, entries 2-5) in 65-87% yields, respectively.
The formation of morpholinium 2-pyrrolidinon-3-olates 2a—2e

clearly indicated that the reaction initially gave the expected

Ho
CH30,C o® N
CO,CH, — [ j
p-TsOH
Ar N~ ~O X
EtOH
CO,CH3 S)%N
2a-2h
Ar Yield® (%)
p-CH3OC6H4 75¢
p-CH(CH3)2C6H4 73
p-CH3C6H4 65
CgHs 87
m-N02C6H4 79
p-CH3C6H4 75
m-CH3CgHgy 72
P-(CH3)3CCeHy 80

@Reaction condition: 2-aminobenzothiazole (2.0 mmol), acetylenedicarboxylate; (2.0 mmol), aromatic aldehyde (2.0 mmol), piperidine or piperidine
(2.0 mmol), p-TsOH (0.5 mmol), in EtOH (10.0 mL), rt, 20 min., 50-60 °C 48 h; PIsolated yield.
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3-hydroxy-2-pyrrolidinone, which in turn converted to enolate
by deprotonation of basic morpholine. This result also showed
that this four-component reaction has an interesting molecular
diversity in basic or acidic solution. We also utilized piperidine
in this acid-catalyzed four component reaction and obtained the
corresponding piperidinium 2-pyrrolidinon-3-olates 2f-2h in
good yields (Table 2, entries 6—8). The prepared piperidinium
and morpholinium 2-pyrrolidinon-3-olates 2a—-2h are very
stable compounds. Their structures were fully characterized by
IH and 13C NMR, HRMS, IR spectra, and were also confirmed
by single crystal structure determination of compounds 2a
(Figure 2) and 2h (Figure 3).

ol
S L cl2 Cllp

) 2
S

Figure 3: Molecular structure of compound 2h.

A plausible reaction mechanism for this four-component reac-
tion both in basic media and in acid solution was proposed
based on the previous reported similar reactions (Scheme 1)

[29-34]. At first, piperidine adds to acetylenedicarboxylate to

Beilstein J. Org. Chem. 2013, 9, 2934—-2939.

give 1,3-dipolar intermediate A. In the meantime, the conden-
sation of the aromatic aldehyde with 2-aminobenzothiazole
affords an aldimine B. Secondly, the nucleophilic addition of
1,3-dipole intermediate A to aldimine B gives an addition inter-
mediate C. Thirdly, the intramolecular nucleophilic attack of
the amino group to the carbonyl group produces the polyfunc-
tionalized 2-pyrrolidinone 1. There is one reactive enamine unit
in the obtained 2-pyrrolidinone 1. Under the catalysis of
p-toluenesulfonic acid, the enamine moiety in 2-pyrrolidinone 1
was easily hydrolyzed to yield a 2, 3-pyrrolidinedione (D) and
piperidine. Then 2,3-pyrrolidinedione D transforms to the more
stable enol-form through the keto—enol tautomerism. Because
the enol connects to both ester and amide groups, it has much
stronger acidity and is deprotonated by piperidine in the solu-
tion to give the piperidinium 2-pyrrolidinon-3-olate 2 as the
final product.

Conclusion

In summary, we have successfully developed a four-component
reaction of an aromatic aldehyde, 2-aminobenzothiazole, sec-
ondary cyclic amines and acetylenedicarboxylate in basic or
acidic soution. This four-component reaction provides a con-
venient procedure for the preparation of the mixed heterocyclic
compounds containing units of benzothiazole, piperidine and
2-pyrrolidinone in satisfactory yields. The range of substrates
and the reaction mechanism for this reaction were briefly
discussed. This convenient synthetic reaction might be poten-
tially used for complex heterocyclic systems in synthetic and

medicinal chemistry.

Experimental

Reagents and apparatus: Melting points were taken on a hot-
plate microscope apparatus. IR spectra were obtained on a
Bruker Tensor 27 spectrometer (KBr disc). NMR spectra were
recorded with a Bruker AV-600 spectrometer with DMSO-dg as
solvent and TMS as internal standard (600 and 150 MHz for 'H
and '3C NMR spectra, respectively). HRMS were measured at
UHR-TOF maXis instrument. X-ray data were collected on a
Bruker Smart APEX-2 diffractometer. 2-Aminobenzothiazole,
dimethyl or diethyl acetylenedicarboxylate, aromatic aldehyde
and other reagents are commercial reagents and used as
received. Solvents were purified by standard techniques. All
reactions were monitored by TLC.

General procedure for the preparation of the functionalized
2-pyrrolidinones 1a—1n as a one-pot four-component reac-
tion: A mixture of 2-aminobenzothiazole (2.0 mmol),
acetylenedicarboxylate (2.0 mmol), aromatic aldehyde
(2.0 mmol), piperidine (3.0 mmol) (in cases of pyrrolidine or
morpholine was used in the reaction, pyrrolidine or morpholine
(2.0 mmol), DABCO (0.5 mmol)) in ethanol (10.0 mL) was
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Scheme 1: The proposed reaction mechanism for the four-component reaction.

stirred at room temperature for about twenty minutes and then
was heated at about 50-60 °C for about two days. After cooling
to room temperature, the resulting precipitates were collected
by filtration and washed with cold ethanol to give the crude
product, which was recrystallized in ethanol to give the pure
products 1a—1n for analysis.

General procedure for the preparation of functionalized
2-pyrrolidinon-3-olates 2a—2h as a one-pot reaction: A mix-
ture of 2-aminobenzothiazole (2.0 mmol), acetylenedicarboxy-
late (2.0 mmol), aromatic aldehyde (2.0 mmol), morpholine or
piperidine (3.0 mmol) and p-toluenesulfonic acid (0.5 mmol) in
ethanol (10.0 mL) was stirred at room temperature for about
twenty minutes and then was heated at about 50-60 °C for
about two days. After cooling to room temperature, the
resulting precipitates were collected by filtration and washed

with cold ethanol to give the products 2a—2h.

X-ray crystallographic data: Single crystal data for com-
pounds 1f (CCDC 950634), 2a (CCDC 950635) and 2h (CCDC
952039) have been deposited in the Cambridge Crystallo-
graphic Data Center. These data can be obtained free of charge
via http://www.ccdc.ac.ck./data_request/cif .

Supporting Information

Supporting Information File 1

Analytical data and 'H and '3C NMR spectra.
[http://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-9-330-S1.pdf]
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